Cardiometabolic risk (CMR) is a cluster of risk factors that may predict the occurrence of cardiovascular diseases and diabetes mellitus. This study investigated the association between CMR with body mass index (BMI) among obese adults. The CMRs, including waist circumference, systolic and diastolic blood pressure, blood glucose, total cholesterol, low-density and high-density lipoprotein, triglyceride, and high-sensitivity C-reactive protein (hs-CRP) level, were quantified in 82 obese adults. The findings indicate the highest correlation coefficient value (r) was .618 between BMI and waist circumference; a weak correlation between mass index and systolic (r = .276) and diastolic (r = .311) blood pressure and hs-CRP (r = .384); and a very weak correlation between BMI level and fasting blood glucose (r = .069), total cholesterol (r = .014), low-density lipoprotein (.013), high-density lipoprotein (−.154), and triglyceride (.173). Future strategies for CMR reduction among obese adults should focus on waist circumference and hs-CRP level.
Background
Obesity is a leading public health concern as it increases an individual's risk of getting cardiovascular disease (CVD) and diabetes mellitus (DM). Among the developing countries in Southeast Asia, Malaysia has been listed as the country with the highest prevalence of obesity in adults, with an estimated prevalence of 14% in the year 2008 (World Health Organization, 2014) . Dramatically, the most recent National Health Morbidity Survey (NHMS; 2015) reported that the prevalence of obesity in adults (body mass index [BMI] > 27.5 kg/m 2 ) has increased more than twofold (30.6%; Institute for Public Health [IPH], 2015) , which indicates that approximately 4.4 million of Malaysian adults were obese (Ministry of Health Malaysia, 2011c). As expected, the most recent NHMS in 2015 reported that the prevalence of obesity in adults has gone up to 30.6% (IPH, 2015) . Based on the prevalence data, it is observed that the prevalence of obesity in Malaysian adults is increasing by years. Obesity in adults has been associated with increased cardiometabolic risk (CMR), characterized by elevated waist circumference, elevated blood pressure (BP), elevated fasting blood glucose (FBG), reduced high-density lipoprotein (HDL), elevated triglyceride (TG) (Cefalu, 2007a) , and elevated C-reactive protein (CRP) level (Ray & Cannon, 2007) . CMR has been studied progressively over the past decades. Regarding the relationship between obesity and CMR, it is believed that the common pathophysiological mechanism underlying increased CMR in an obese adult is insulin resistance state (Karki, Ngo, Bigornia, Farb, & Gokce, 2014) . Insulin resistance is defined as a state in which the insulin requirement level for normal response is higher than normal, which will disturb the regulation of blood glucose level (Iryani, Ismail, Samat, Zainol, & Eshak, 2014) . Specifically, Cefalu (2007c) explained that obese adults have high concentrations of adipose tissue that increase the delivery of free fatty acids from the systemic circulation to peripheral tissue, which, in turn, reduces the glucose uptake. The impaired glucose transport system leads to an elevation in the systemic glucose level. Subsequently, a long-term state of elevated blood glucose level initiates the insulin resistance state (Chen & Yeh, 2013) . In turn, the insulin resistance state triggers various unfavorable pathways that may lead to the development of CVD and DM, including disturbance of glucose and uric acid metabolism, dyslipidemia (elevation of TG and small dense low-density lipoprotein [LDL] particles), hypertension, and elevation of CRP level (Cefalu, 2007b) .
In Malaysia, several studies have been conducted to observe the relationship between obesity and CMR factors. For instance, a prevalence study was carried out among 1,107 Malaysian adults from rural communities, and the findings indicated that the prevalence of hypertension significantly increased with higher BMI categories (Aniza et al., 2015) . In another study among 4,341 Malaysian adults, the findings noted that the prevalence of impaired fasting glucose (elevated FBG) rose along with BMI (Nazaimoon et al., 2011) . In addition, obese adults were found to have higher TG levels than nonobese adults, as reported in a study of 258 Chinese Malaysian obese adults from urban communities (Chew et al., 2014) . Based on the previous findings, an association is identified between obesity and elevated BP, FBG, and TG level. However, these data came from various studies with different samples, which did not focus solely on obese patients. Also, no studies were found to have observed the relationship between obesity and HDL and highsensitivity C-reactive protein (hs-CRP) level. Moreover, this study is important as it highlights several research areas that are of public health importance. First, it is in line with Malaysian Association for the Study of Obese (MASO) that is to provide intervention targeted at those with existing weight problem to reduce their risk of developing CVD. According to Ong et al. (2009) , greatest weight gain usually occurs during early adulthood and middle age. It justifies the need of having obese adults with the age range between 19 and 60 years as participants of this study. Besides, Ministry of Health (MOH) also emphasizes the issue of reducing the risk of getting CVD by encouraging healthy lifestyle practices (Ministry of Health Malaysia, 2004) . It contributes to the strength of this study, as it is one of an effort in promoting a healthy lifestyle among at-risk adults. In addition, due to restrained economic conditions in the developing world, including Malaysia, the greatest gain in controlling the CVD and DM epidemic lies in its prevention. One of the best methods to reduce the epidemic is by CMR reduction (Siqueira-Catania et al., 2013) . Therefore, this study was conducted to determine the prevalence of CMR among Obese Class I and II adults, and to discuss whether there is any relationship between CMR and BMI status.
Method

Study Design
This is a cross-sectional study of Malay Obese Class I and Class II adults from suburban areas of Kuantan, Pahang. The random cluster sampling procedure was applied to recruit the participants. Kuantan was selected out of 11 districts in Pahang as Kuantan is the province capital of Pahang and Kuantan has an area of 2,960 km 2 with an estimated population of 429,100 in 2018 (Ministry of Health Malaysia, 2008 
Participants
The data collection period was between December 2015 and July 2016. Advertisement for participation were done through health screening activities, flyers, and social media network. All interested participants were invited to do the screening, which was held in several primary care clinics around Kuantan. Participant's identification card was taken to confirm the age. Height and weight measurement was taken to determine the BMI. All adults who self-reported any chronic diseases and endocrine disorders, pregnant and lactating women, and taking any medications for chronic and endocrine diseases were excluded from this study. When the participant agrees, a written informed consent was obtained. The researcher explained all information with regard to the study, including the purpose of the study; the risk and benefits of the study; the responsibility as a participant; the procedures involved; the compensation available to the participant in the event of study-related injury; the fact that the participation is voluntary, which means that the participant may withdraw from the study at any time without any penalty; the confidentiality of the records; the expected duration of the study; and the person to contact for any study-related matters throughout this study period. When the participants are fully informed and understand all the study-related matters, they were asked to sign and write down the date personally on the written informed consent form (ICF). The researcher and the witness then signed and dated the ICF. A copy of the ICF was given to the participants for reference. After obtaining an informed consent, the researcher gave an appointment date for data collection procedure. A day prior to the appointment date, the researcher called all the participants to remind about the visit, and to advise them to be fasted starting at 12 midnight. On the day of the visit, after the participant's identification verification, assessment of height, weight, waist circumference, BP was obtained. Waist circumference was taken on top of the iliac crest in a horizontal line using Seca 206, waist circumference measuring tape . BP was measured when the participant was sitting in an upright position after 5 min rest, using an automated BP monitor with a cuff of the correct size applied to the arm. Then, a registered nurse was assigned to take 10 mL of venous blood from each of the participant and sent to the laboratory. Blood samples were drawn from antecubital fossa of all participants after approximately 9 to 12 hr of fasting. The blood samples were labeled and packed according to the standard protocol and sent to a laboratory for analysis within 2 hr. After blood samples were taken, all participants were provided with a light breakfast.
Instruments and Procedure
Cutoff points for defining obesity and the CMR factors. The cutoff points from the Malaysian Clinical Practice Guideline (CPG) of obesity were used to define obesity classes. Obesity Class I was defined as having a BMI between 27.5 and 34.9 kg/m 2 , and Obese Class II was defined as having a BMI between 35 and 39.9 kg/m 2 (Ministry of Health Malaysia, 2004) . For the CMR factors, the cutoff points were adopted from various sources. For elevated waist circumference, the cutoff points from the CPG of obesity were adopted as they suit the Malaysian adult population; these were more than 90 cm for a male and more than 80 cm for a female (Ministry of Health Malaysia, 2004 ). The normal cutoff points for FBG from the American Diabetes Association is ≤5.6 mmol/L so that elevated FBG was defined as ≥5.6 mmol/L in the present study (Ministry of Health Malaysia, 2009 ). In addition, fasting lipid profile including fasting total cholesterol (TC), LDL, HDL, and TG was also assessed. The cutoff points for these parameters were taken from the Joint Interim Statement given in the CPG of dyslipidemia (Ministry of Health Malaysia, 2011; see Table 1 ). Hs-CRP as a marker of inflammation was also assessed, but there was no standard cutoff point for hs-CRP stated in the Malaysian CPG. Therefore, the cutoff points for elevated hs-CRP level were adopted based on the universal cutoff point, which is at or more than 3 mg/L that indicates inflammation (Nagasawa, 2009 ). Finally, elevated BP was defined as systolic and/or diastolic BP of ≥130 and ≥85 mmHg, respectively, using the cutoff points provided in the CPG Management of Hypertension (Ministry of Health Malaysia, 2013).
Data Analysis
Data were analyzed using SPSS (Version 21). Means and standard deviation were used to describe continuous variables, whereas frequencies and percentages were used to describe the categorical data. Standard deviation was used instead of standard error of the mean because the data are normally distributed. No missing values were observed. The mean difference between gender and CMR factors was analyzed using the independent-samples t test. A p value of less than .05 was considered statistically significant. In addition, the Pearson correlation coefficient test was conducted to determine the strength of the relationship between BMI level and each CMR factor. A Pearson correlation coefficient (r) value of .2 to .39 indicates a weak correlation, .4 to .69 indicates a moderate correlation, and .7 to .89 indicates a strong correlation between the dependent and independent variables. Table 2 shows the number and percentage of categorical data and the mean and standard deviation (M ± SD) of all quantitative data measured in all participants. The total number of participants included 82 obese adults (M age = 34.14 ± 9.53 years, age range = 20-62 years) from suburban areas of Kuantan. The majority of the participants were female (69.5%). All participants were Malay. Most of the participants were employed (59.8%).
Results
Sociodemographic Characteristics of Study Participants
Anthropometric Status
The anthropometric status of the participants is presented in Table 2 in mean and SD. The table shows the mean ± SD height of male = 169.0 ± 7.7 cm and of female = 155.1 ± 5.2 cm, and the mean ± SD weight of male = 91.0 ± 17.1 kg and of female = 75.5 ± 9.1 kg. Based on the BMI classification, a greater number of the participants were classified in obesity Class I (82.9%). The mean BMI ± SD of male participants was 31.7 ± 3.4 kg/m 2 and that of the female participants was 31.3 ± 3.1 kg/m 2 . 
Gender-Specific Prevalence of CMR Factors
There are five factors related to CMR. These are waist circumference, systolic and diastolic BP, FBG level, lipid profile, and hs-CRP level. The prevalence of the CMR factors was classified based on gender and is presented in Table 3 using mean and standard deviation. For obese men, the mean ± SD waist circumference, systolic BP, diastolic BP, FBG level, and hs-CRP level were 102.56 ± 8.26 cm, 130.4 ± 12.57 mmHg, 81.88 ± 12.93 mmHg, 4.98 ± 0.53 mmol/L, and 3.73 ± 4.12 mg/L, respectively. For lipid profile in obese men, the mean ± SD TC level, LDL level, HDL level, and TG level were 5.65 ± 0.89, 3.64 ± 0.85, 1.17 ± 0.20, and 1.86 ± 0.74 mmol/L, respectively. However, the mean ± SD waist circumference, systolic BP, diastolic BP, FBG level, and hs-CRP level for obese women were 93.71 ± 9.99 cm, 113.05 ± 10.69 mmHg, 72.3 ± 8.41 mmHg, 4.66 ± 0.46 mmol/L, and 8.08 ± 8.05 mg/L, respectively. The mean ± SD for lipid profile including TC level, LDL level, HDLlevel, TG level, and hs-CRP were 5.27 ± 0.91, 3.40 ± 0.84, 1.38 ± 0.29, 1.10 ± 0.60, and 8.08 ± 8.05 mmol/L, respectively.
Gender-Specific Mean Difference of CMR Factors
The mean differences between gender and CMR in Obese Class I and II adults are listed in Table 3 . Based on the table, there are significant differences between the genders in waist circumference (p < .001), systolic and diastolic BP (p < .001 for both), FBG level (p < .01), HDL level (p < .01), TG level (p < .001), and hs-CRP level (p < .05). It is observed that obese men have higher waist circumference, systolic and diastolic BP, higher FBG level, and higher TG level than obese women. In contrast, obese women have higher HDL and hs-CRP level than obese men.
The Correlation Between CMR and BMI Level
To determine the association between BMI level and CMR factors among Obese Class I and II adults, a Pearson correlation coefficient test was 
Discussion
To our knowledge, this is the first study to describe the prevalence of CMR factors and their relationship with BMI level in a group of Obese Class I and II adults in suburban areas of Kuantan. In this study, the distribution of obese adults based on obesity classes and gender was comparable with the National Health Mortality and Morbidity Survey (NHMS) 2015. The national findings reported a higher percentage of Obese Class I than Obese Class II (IPH, 2015); the percentage of obese adults was higher among females than among males in both Obese Class I and Class II. It is also worth noting that, based on the NHMS (IPH), 2011 and 2015 reports, the prevalence of Obese Class I and Class II adults in Malaysia has increased in both the male and female population (IPH, 2011) . These data suggest that there is a growing trend in the prevalence of Obese Class I and II adults, and the prevalence was more prominent among females. This supports a study done by Chang, Lee, and Cheah (2012) , who examined the prevalence of cardiovascular risk factors among 260 participants aged 20 to 65 years in a rural community in Sarawak: The findings showed that, based on age-adjusted logistic regression, women were 0.246 times more likely than men to be obese. The above findings can be related to the lifestyle practices of the female adults themselves. However, according to a population study by Ghazali et al. (2015) , Malaysian women have higher percentage of inadequate vegetable and fruit intake (75.5%) and inadequate physical activity (46.2%) than men (70.3% and 36.8%, respectively). Al-Qalah, Ghazi, Isa, and Karim (2014) also found that women working in an urban area of Malaysia have low-to-moderate physical activity level. In other words, the unhealthy lifestyle practiced by Malaysian women might be a strong contributory factor to obesity.
There are nine variables measured for CMR factors. All the variables are either risk factors or biomarkers of CVD and DM. Based on the findings, three variables-elevated waist circumference, elevated TC level, and elevated hs-CRP level-were common CMR risk factors associated with obese adults, male and female. Further analysis to compare the prevalence of nine variables of CMR between the genders showed that obese men have higher waist circumference, systolic and diastolic BP, and FBG and TG levels than obese women. In contrast, obese women have higher HDL and hs-CRP levels than obese men. According to Nagy, Campbell, and Blumenthal (2010) , higher HDL levels and CRP levels were common in females due to hormonal changes. Specifically, the release of the estrogen hormone increased the secretion of inflammatory markers including CRP, and a higher testosterone hormone level produced a higher HDL level in young women than in men. Therefore, the management of obesity in women should focus mainly on weight reduction and reduced inflammation status. Increased physical activity is an effective strategy to promote weight reduction (Kokkinos, 2010) and improve inflammation status by reducing CRP levels (Henagan, Daray, & Stewart, 2009) .
Obese men in the current study have higher waist circumference, systolic and diastolic BP, and FBG and TG levels than obese women. Higher waist circumference, BP, and FBG and TG levels in men than in women might be produced by higher carbohydrate intake. As stated in a cross-sectional study among university students in urban areas and suburban areas, men consumed 279.8 ± 90.6 g per day of carbohydrate. In comparison, women consumed only 214.0 ± 72.7 g per day of carbohydrate (Gan, Mohd Nasir, Zalilah, & Hazizi, 2011) . A study in Korea also found a positive relationship between carbohydrate intake and metabolic syndrome in men. The findings from the study suggested that a higher intake of carbohydrate in Korean men was associated with a higher prevalence of metabolic syndrome, defined as the presence of any three or more of the following components: high waist circumference (>90 cm), elevated TG (>1.695 mmol/L), low HDL cholesterol (<1.036 mmol/L), elevated FBG (>5.6 mmol/L), and elevated BP (systolic BP >130 mmHg or diastolic BP >85 mmHg; Song, Lee, Song, Paik, & Song, 2014) . Carbohydrate intake was also associated with elevated TG levels. Therefore, it is suggested that the management of obesity in men should focus on limiting carbohydrate intake to improve the CMR profile and to promote weight loss.
The findings from further analysis showed significant correlations between BMI level and waist circumference (p = .001), systolic (p = .007) and diastolic (p = .004) BP, and hs-CRP level (p = .001). This finding was similar to a study conducted among 1,530 Malay adults, in which BMI level was found to correlate with systolic and diastolic BP (Norfazilah, Juliana, & Azmawati, 2015) . High BMI level was also associated with elevated CRP level. In review articles by Ellulu et al. (2016) and McArdle, Finucane, Connaughton, McMorrow, and Roche (2013) , the excessive adipose tissue in obese adults was found to stimulate secretion of CRP that led to insulin resistance, and the insulin resistance state had a role in the progression of CVD and DM. By contrast, very weak correlation was found between BMI level and elements of lipid profiles, including LDL and HDL and TG level. This may be due to the fact that dyslipidemia is a disorder caused by the combined effects of genetic predisposition with overriding metabolic or environmental factors (Miller, 2010) . Therefore, the disorders of lipid profiles should be managed in ways other than therapeutic management targeted at weight loss in obese adults.
The present study had some strength. Our participants were a relatively homogeneous group of obese adults living in suburban areas of Kuantan who were examined for the presence of CMR factors. The use of traditional markers for CVD (waist circumference, lipid profile, and BP), a marker of inflammation (hs-CRP), and a marker for DM (FBG) all added to the novelty of a study conducted among the Malay population. However, this study also had several limitations. First, the optimal cutoffs to define CMR factor abnormalities were based on Malaysian guidelines, except for hs-CRP where the cutoff point was chosen because it is widely used in studies on the Malaysian population. These might differ from those in other countries, limiting the generalizability of the study's findings. Second, the relatively small sample size of this study might not take into account several trends observed across the Malaysian population in terms of lipid profile. Nevertheless, the primary finding of this study that shows the prevalence of CMR factors and their relationship with BMI levels could help nurses to be more focused on providing care toward obese adults in future.
In conclusion, the present study suggests that Obese Class I and II adults are inclined to have an elevated waist circumference, TC level, and hs-CRP level. Waist circumference and hs-CRP were found to be positively correlated with BMI. Waist circumference was higher in obese men whereas hs-CRP was higher in obese women. This observation might provide insights for future strategies in the management of CMR factors among Obese Class I and II adults.
Nursing Implications
Based on the findings from this study, more active health screening that targets obese adults should be considered so that CMR factor abnormalities can be identified as early as possible and appropriate intervention can be initiated. Early intervention is crucial as it may reduce the disease burden of CVD and DM. According to Hammond and Levine (2010) , obesity itself has a tremendous cost implication. This situation could worsen if there are increases in the incidence of obesity-related diseases such as CVD and DM. In addition to the cost implication, the increasing prevalence of obesity and its related comorbidities increases the workload of health care personnel, especially nurses. According to DeCola, Benton, Peterson, and Matebeni (2012) , nurses have the potential to deliver effective health education to support individuals to make behavioral change, administering disease management programs and enabling self-care as well as self-management; but workload, time constraints, and their perception of the job of nursing hinder them from achieving their potential. Last but not least, findings from the present study might be useful in demonstrating that obesity is a serious medical problem and can lead to various complications; the findings could persuade obese adults, as well as nursing personnel, to engage more with lifestyle modification intervention.
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